INTRODUCTION We have r e c e n t l y r e p o r t e d t h a t increased s y n t h e s i s of t h r e e s e t s
of p r o t e i n s i n t h e 100,000, 72,000-74,000 and 37,OOO M regions occurs maximally two hours a f t e r c u l t u r e d HeLa c e l l s had been subjected t o h e a t treatment a t 45 C for 5-10 min ( 1 ) . The i n c r e a s e d s y n t h e s i s of t h e s e p a r t i c u l a r p r o t e i n s i s blocked by actinomycin D b u t n o t by cycloheximide or sodium f l u o r i d e (1) and has l e d t o t h e suggestion t h a t some c o n t r o l of t h i s response may be exercised a t t h e t r a n s c r i p t i o n a l l e v e l .
In Drosophila cells there is evidence that heat treatment induces 'puffs' at limited number of genetic loci on the polytene chromosomes of salivary glands (2, 3) .
Moreover, i t has been shown that R N A is transcribed in large amounts at the sites of the induced 'puffs' (4) (5) (6) and that some of these RNAs are preferentially translated into heat shock polypeptides (7, 8) .
Most of the cytoplasmic R N A complementary
to the Drosophila melanoqaster heat shock 'puff 93D i s non-polyadenylated (poly(A)~) (9) , whilst all of the other heat shock 'puffs' hybridise strongly with polyadenylated (poly(A) ) cytoplasmic RNA (1O-12). In addition the RNA coding for the major heat shock protein, hsp 70 i s found in both poly (A) and poly (A) cytoplasmic RNA classes.
In this report we show that the major HeLa cell heat shock proteins a t 72,000-74,000 M comprises seven polypeptide s p e c i e s which we have designated aa'ByfiECand t h e s e polypeptides are d i r e c t l y encoded by both polyadenylated and non-polyadenylated mRNAs.
MATERIALS AND METHODS
HeLa c e l l c u l t u r e and h e a t shock procedure
HeLa c e l l s were grown i n c u l t u r e as monolayers in E a g l e ' s minimal e s s e n t i a l medium (Glasgow modification) supplemented with 10% (v/v) c a l f serum ( 1 ) . 2 x 10 c e l l s were seeded and grown for 2-3 days i n r o t a t i n g Winchester b o t t l e s . Heat shock t r e a t m e n t was c a r r i e d out by immersion of the b o t t l e s in a waterbath a t 45 C for 10 min and t h e r e a f t e r r e t u r n i n g the c u l t u r e t o t h e normal growth temperature of 37°C for 2 h r .
I s o l a t i o n of HeLa c e l l cytoplasmic RNA
The c e l l monolayers were washed twice with BSS (balanced s a l t s o l u t i o n )
(1), scraped off t h e g l a s s in BSS with a rubber s c r a p e r , c o l l e c t e d by c e n t r i f u g a t i o n a t 600 g, and washed twice with f u r t h e r p o r t i o n s of BSS.
The c e l l s were then swollen for 5 min in hypotonic buffer (0.01 M NaCl, collected by centrifugation at 600 g for 10 min, and the r e s u l t i n g supernatant fluid made 0.5% sodium dodecylsulphate, 10 mM EDTA and the cytoplasmic RNA extracted using the phenol-chloroform method as described by Penman (13) . Separation of poly (A) and poly (A) RNAs Cytoplasmic RNA, precipitated by ethanol (13) was collected by centrifugation at 10,000 g, dissolved in binding buffer (0.2% N-Lauroyl sarcosine, 0.4 M NaCl, 0.01 M EDTA, 0.01 M Tris-HCl pH 7.4) , heated a t 70°C for 5 min, cooled rapidly on ice and fractionated on a poly (U)-Sepharose column a t room temperature.
The poly (U)-Sepharose was obtained from Pharmacia (Great B ritain) L t d . , and 1 ml columns were prepared according to t h e i r i n s t r u c t i o n s .
The unbound material was eluted with 10 vol binding buffer, whilst bound material, poly (A) RNA was eluted with 90% formamide, 0. This was based on the procedure used by Pelham and Jackson (15) and the actual t r a n s l a t i o n was carried out as outlined by the manufacturers.
Each 25 yl assay contained approximately 40 pCi [ s]methionine (specific a c t i v i t y 967.5 Ci/mmol). One dimensional electrophoretic analysis of in v i t r o t r a n s l a t i o n products
The assay mixtures containing the products of translation as described above were mixed with 1 vol 2% (w/v) sodium dodecyl sulphate, 3% (v/v) 2-mercaptoethanol, 50 mM tris-HCl pH 6.8, heated a t 100°C for 3 min, cooled on ice then applied to a 8.75% (w/v) polyacrylamide slab gel overlaid with a 3% (w/v) polyacrylamide stacking gel and electrophoresed as described previously (1) .
Two dimensional electrophoretic gel analysis of i^ v i t r o t r a n s l a t i o n products
The assay mixtures containing the product of t r a n s l a t i o n as described above were mixed with 1 vol 9.5 M urea, 2% (w/v) NP-40, 2% ampholines pH range 3.5-10 (LKB L t d . ) , 5% (v/v) 2-mercaptoethanol. F i r s t dimension i s o e l e c t r i c focussing and second dimension electrophoresis were carried out as previously described (1) . Fluorography Detection of [ s] labelled polypeptides was carried out using fluorography as previously described (1).
RESULTS
Cytoplasmic polyadenylated (poly(A) ) RNA was isolated from HeLa cells 2 hr after being subjected to heat shock (10 min at 45 C) . When this was translated in a rabbit reticulocyte cell free protein synthesising system and the products analysed by one dimensional polyacrylamide gel electrophoresis the pattern of polypeptides made closely resembles that directed by poly(A) cytoplasmic RNA from control cells.
However two protein bands were prominent amongst the translation products of cytoplasmic poly(A) RNA from heat shocked cells ( Figure 1 , lanes 2 and 3 ) .
The particular bands have electrophoretic mobilities on dodecyl sulphatepolyacrylamide gels that are similar to the proteins that become labelled A previous report from t h i s laboratory has shown by two dimensional electrophoretic analysis that the 100,000 M protein band from i n t a c t heat shocked HeLa cells is made up of a t least two polypeptide species, whilst the 72,000-74,000 M comprises at least seven polypeptides.
In order to investigate whether a l l these heat shock polypeptides r e s u l t Total cytoplasmic poly(A) R N A was translated in vitro using a rabbit reticulocyte c e l l free translation system and the translation products were analysed by two-dimensional electrophoretic gels. Total cytoplasmic poly(A) R N A was translated in v i t r o using a rabbit reticulocyte c e l l free translation system and the translation products were analysed by two dimensional electrophoretic gels.
(a) Total cytoplasmic poly (A) "RNA (5 vg) from control c e l l s ; (b) t o t a l cytoplasmic poly(A)"RNA (5 pg) from c e l l s heat shocked at 45°C for 10 min. and then returned to 37°C for 2 hr.
The brackets indicate the spots of the multiple forms of actin a, a 1 , B, y, S, e and ? refer to the proteins of the 72,000-74,000 M . 100 K indicates the 100,000 M r HeLa shock protein.
Similarly 3^ K i s likely to be the 37,000 M HeLa heat shock protein.
The arrows in Figure 3a point to the proteins which do not appear amongst the translation products of the poly(A)~RNA from heat shcok c e l l s (see Figure 3b for comparison).
The arrows with numbers refer in Figure  3a 
